Abstract: The equations of motion and boundary conditions of radially polarized cylinders are developed by using a piezoelectric thin shell theory and Hamilton's principle. They are solved by using an eigenfunction approach. The results are in good agreement with experimental results and the results of other researchers.
INTRODUCTION
Drumheller and Kalnins* and later Rogacheva2 developed thin shell theories for piezoelectric shells. Drumheller and Kahinsl used a numerical method to solve the governing equations while Rogacheva2 used an approximate method. Equations of motion were not derived by them. Here, the equations of motion and boundary conditions of electrically excited radially polarized piezoelectric ceramic cylindrical shells are derived and solved.
THEORETICAL ANALYSIS
Consider a thin radially polarized piezoelectric cylindrical shell of length L, mean radius a, and thichess h where h is much less than the radius and length, The response of the shell is of interest when a vol@ge is applied across the electrodes which completely cover the inner and outer curved surfaces.
It is assumed that Kirchoffs hypothesis is valid and that the axial strain varies linearly between the electrodes, It is also assumed that the charge density satisfies the electrostatic condition and is independent of the radial coordinate. It is further assumed that the electric field varies linearly between the electrodes,~erefore the model developed here is called a piezoelectric thin shell model.
It follows from the assumptions that the electric field at a point can be expressed as the sum of the ratio of the applied voltage to h and a term which is proportional to the second derivative of the radial displacement with respect to the axial coordinate z. At resonance, the electric field can be very large since the radial displacement becomes infinity in a lossless cylinder and can be very large in a Iossy cylinder.
Next, the equations of motion and the boundary conditions are derived by using Hamilton's variational principle. It can be shown that the equations of motion are the same as those of a thin elastic cylindrical shell of length L, radius a, and thicbess h ( 1+K ) where K is a function of piezoelectric coefficients.
The displacement distribution which satisfies the equations of motion and the boundary conditions can be expressed as the sum of the static solution and a weighted sum of eigenfinctions3. The weights are modal displacements and the eigenfunctions satisfy the equations of motion and the boundary conditions of the shortcircuited cylinder. The equations can then be solved by using the orthogonal property of the eigenfinctions.
NUMERICAL AND EXPERIMENTAL RESULTS AND DISCUSSION
Some resonance frequencies of a free-free cylinder& =20 mm, a = 15 mm and h = 2.5 mm) obtained by using piezoelectric thin shell and membrane theories are compared with experimental values in Table 1 . The values of the piezoelectric coefficients used in the computation were determined by using experimental data and membrane theory. Therefore, the lowest resonance frequencies in the lower and upper branches obtained using membrane theory are in exact agreement with experimental results. The resonance frequencies in the lower branch obtained using membrane theory, except the lowest resonance frequency, are in poor a~eement with experimental values but those obtained using the present theory are in much better agreement. However, the resonance frequencies in the upper branch obtained by using either theory are approximately equal to the experimental values. The potential fields at z = L/2 obtained by using piezoelectric thin shell and membrane theories are now compared. The potential field is zero at the inner curved surface where x = -h/2. The approxhate dimensions of the cylinder used in the comparison are L = 33 mm, a = 11 mm and h = 3.2 mm and the applied voltige is 130 V. In membrane theory, the electric field is equal to 130~. The potential field for this case is shown in Fig. 1 by solid line. The potential field at 3.021 x 105 rads, computed using the~resent theory, is shown by dashed line. It is very nearly equal to the field computed for the same cylinder at 3 x 10 rads and shown in Fig. 8 
CONCLUSIONS
The numerical results obtained using the piezoelectric thin shell theory presented here are in good agreement with experimental results and the results of other researchers.
